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Summary
Objective: Four ﬁxation techniques for a ﬁbrinogen and thrombin coated collagen ﬂeece, used as a scaffold in the cartilage repair, were com-
pared simulating the initial postoperative period in the cadaveric knee joints.
Methods: Full-thickness chondral lesions were made on the medial femoral condyles of seven human cadaveric inferior extremities. Four scaf-
folds without seeded chondrocytes were implanted into each lesion using four ﬁxation techniques consecutively: self-adhesion without addi-
tional material (SA), ﬁbrin sealant (FS), bone sutures (BS), and periosteal cover (PC). After each implantation 150 cycles of continuous
passive motion (CPM) were performed. Two cases were additionally exposed to 50 cycles of 10 and 20 kg loading each after the completion
of CPM. The scaffolds were evaluated after every 30 cycles, and the ﬁxation strength was tested after the motion was completed.
Results: All the SA scaffolds were detached before 60 cycles. The other scaffolds remained stable throughout the testing with only minor dis-
ruptions. The endpoint ﬁxation strength was higher for BS and PC than for the FS scaffolds. The FS scaffolds were detached as a result of
additional load cycles, while the BS and PC scaffolds showed substantial deformations.
Conclusion: SA of tested scaffold did not provide sufﬁcient ﬁxation. The FS ﬁxation was easy to perform and assured satisfactory scaffold
stability. BS and PC provided excellent scaffold stability, but the techniques were difﬁcult and caused additional injuries. Regardless of the
ﬁxation technique used, the tested collagen scaffold may not be exposed to loading in the initial postoperative period.
ª 2005 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Focal chondral or osteochondral lesions are common
causes of knee joint pain and disability and their presence
has been conﬁrmed in one out of ﬁve arthroscopies1. Another
concern is their potential progression to osteoarthritis due
to the low repair capacity of mature hyaline tissue2. One
of the established treatment methods for the repair of
such lesions is autologous chondrocyte implantation, origi-
nally presented by Brittberg et al.3. The hyaline-like neocar-
tilage formation relies on the chondrocyte suspension
retained in the debrided lesion under the sutured and
sealed periosteal cover (PC)4. Improvements of the overall
knee functions following this ‘‘classical’’ method remained
stable over a period of 10 years5. Fibrotic hypertrophy,
which occurred in 10e26% of treated patients, was the
most commonly encountered complication. More serious
complications in the form of graft delaminations occurred
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Received 25 June 2005; revision accepted 19 November 2005.3in 5e7% of patients6,7. These complications are believed
to be directly related to the PC and to the open knee sur-
gery, therefore novel scaffold-based chondrocyte implanta-
tions were introduced, which can be applied by the
minimally invasive surgical procedures8. As the chondro-
cytes are secured within the scaffold’s substance these
constructs usually do not require any additional external
coverage. A stable position of the cell-seeded scaffold is
therefore the prerequisite for a successful cartilage repair9.
It was assumed that the mechanical failure of these con-
structs in the initial phase occurs due to the premature scaf-
fold disintegration or due to the inefﬁcient ﬁxation strategy.
Marlovits et al.10 demonstrated that high-resolution magnetic
resonance imaging (MRI) provided useful information about
early adherence of the chondrocyte-seeded scaffolds, but in
the images taken 1 month postoperatively they could only
differentiate between ﬁlled lesions and partially or fully de-
tached scaffold position. Discrete disruptions of the scaffold
in the initial postoperative period can only be detected by di-
rect visualization using arthroscopy. A preferred approach
is to test the stability of the chondrocyte-seeded scaffold
in a model before introducing the technique into clinical ap-
plication11. Separate testing for the scaffold biomechanics12
or adhesion strength13 is available, but there is no protocol
to the authors’ knowledge, for the simultaneous testing of
both components in one model.
From a surgical aspect the scaffold should be easy to
handle and has to provide sufﬁcient mechanical integrity37
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chanical forces at the joint surfaces. These criteria cannot
entirely meet the biological requirements. For example,
the scaffold has to be biocompatible, fully absorbable with
minimal acidic by-products, and it has to promote chondro-
cyte redifferentiation8,9. Scaffolds used in experimental or
clinical applications are therefore only a suitable compro-
mise of all these requirements14. They are either of natural
(ﬁbrin, collagen, agarose, alginate, hyaluronan, and chito-
san) or synthetic origin (polylactic or polyglycolic acids
and their copolymers, and carbon ﬁbers)8. Such variability
in materials and in the corresponding cultivation protocols
results in a broad spectrum of biomechanical properties of
the cell-seeded scaffold constructs. They are mostly in
a form of gel10,15, but some are less fragile and they can
even anchor the sutures16. The ﬁxation can be achieved us-
ing only the properties of the scaffold in the local environ-
ment15,17, but most procedures require some additional
ﬁxation in the form of cover18,19, sutures20 or sealant10,21.
The ﬁbrinogen and thrombin coated collagen ﬂeece has
been routinely used as chondrocyte-seeded scaffold in
Slovenia for 3 years22. These collagen ﬂeece constructs
are stabilized in the lesion with a PC. Introduction of new ﬁx-
ation techniques would require the direct comparison of
their efﬁciencies with the established procedure. Due to
the aforementioned gap in the biomechanical testing mod-
els for the initial scaffold stability the concept of continuous
passive motion (CPM)23 was introduced into a cadaveric in-
ferior extremity. The model would have to enable the same
testing protocol for different ﬁxation strategies and for differ-
ent scaffolds. The aim of the study was to compare four ﬁx-
ation techniques, self-adhesion (SA), ﬁbrin sealant (FS),
bone sutures (BS), and PC, for the collagen ﬂeece scaffold
during the operative procedure and the initial postoperative
period in the human cadaveric knee.
Methods
CHONDRAL LESION PREPARATION
The experiments followed the requirements of the ethical
approval (No. 28/11/04) issued by the Ethical Commission
at the Ministry of Health of the Republic of Slovenia. Seven
human cadaveric inferior extremities, exarticulated at the
hip joint, were used in the study. The extremities, which
were procured from three female donors and one male do-
nor with the age range from 59 to 67 years, were kept fro-
zen from the ﬁrst postmortem day on. They were thawed
and kept at room temperature (20(C) throughout the experi-
ments for approximately 48 h. All the human extremities
were without detectable malalignment. Stability of the
knee joints was examined before each testing cycle. The
standard maneuvers, as used in the clinical work, did not re-
veal signiﬁcant ligament instability throughout the experi-
ment. The articular surfaces of the medial knee
compartment were exposed through a minimal medial para-
patellar arthrotomy. Cartilage on the medial femoral condyle
was macroscopically intact in all, but one knee, where it
showed localized superﬁcial ﬁssures in the area that was
later debrided. The width of the articular surface on the cen-
tral part of the medial femoral condyle ranged from 21 to
26 mm. An ellipsoid full-thickness chondral lesion of
2.5 cm2 was curettage debrided on its central weight-bear-
ing part. The mean depth of the lesion toward the surround-
ing cartilage rim ranged from 1.8 to 2.8 mm with an average
value of 2.2 mm.FIXATION OF THE COLLAGEN SCAFFOLD
The ﬁbrinogen and thrombin coated collagen ﬂeece was
prepared following the registered protocol (ChondroArt
2D, Educell, Slovenia, EU) for chondrocyte implantation,
but in the experiments no chondrocytes were seeded on
it. Before the implantation the ﬂeece was soaked in the
DMEM-F12 culture media (Gibco Lab Inc., Grand Island,
NY, USA) for 2 days and afterwards transferred to the se-
rum enriched media (DMEM-F12 with 15% of human se-
rum) for another 5 days. Previous ex vivo testing on
bovine joints detected no signiﬁcant differences in the adhe-
sive properties toward the chondral lesion between the
chondrocyte-seeded and nonseeded collagen ﬂeeces (un-
published data). The prepared scaffolds were cut out to
match exactly the lesion geometry. To avoid individual dif-
ferences in the knee joint biomechanics four scaffolds
were consecutively implanted into each chondral lesion us-
ing always the same order of ﬁxations e from the less to the
most invasive technique. Such protocol ensured that the ﬁx-
ation points in the lesion, necessary for an individual ﬁxa-
tion, remained unaffected by the precedent techniques.
The following order of ﬁxations was used:
1. SA e The scaffold was implanted into the lesion; no
other material was added.
2. FS e The areas toward the bone and toward the sur-
rounding cartilage rim were covered with 0.4 ml of
ﬁbrin sealant (Beriplast P Combi-Set; Aventis Behring,
Germany, EU) prior to the scaffold placement into the
lesion.
3. BS e An absorbable mesh (Vycril poliglactin 910; Ethi-
con, Johnson&Johnson Intl, USA) was laid over upper
and lower surfaces of the scaffold to reinforce its struc-
ture. The scaffold was anchored at four points with the
absorbable sutures (Coated Vycril 0e0; Ethicon, John-
son&Johnson Intl, USA), which were locked with the
quadruple knots within the bone channels. The sutures
were introduced by the 2.4 mm guide-pins that were
pulled out on the distal lateral side of the thigh.
4. PC e The scaffold was implanted into the lesion and
periosteum, harvested from the proximal tibia, was su-
tured over with the interrupted absorbable sutures
(Coated Vycril 5e0; Ethicon, Johnson&Johnson Intl,
USA). The contact between the periosteum and the
cartilage rim was sealed with 0.6 ml of FS (Beriplast
P Combi-Set; Aventis Behring, Germany, EU).
CONTINUOUS MOTION PROTOCOL
After completion of the individual ﬁxation, 5 ml of lactated
Ringer’s solution was added intra-articularly to moisten the
joint surfaces. The arthrotomy wound was closed in layers
with interrupted sutures. The whole inferior extremity was
then strapped to the CPM device (Terapik HS, Medicinska
oprema Poznik, Slovenia, EU). One motion cycle, extension
(0() to ﬂexion (90() and to extension (0(), lasted 2 min
(Fig. 1). After 30, 60, 90, 120, and 150 cycles the central
part of the arthrotomy wound was reopened to evaluate
scaffold’s properties. The wound was afterwards closed
again and the procedure continued.
All seven extremities underwent the presented motion
protocol with four ﬁxation techniques tested on each knee.
The scaffolds in the last two tested extremities (ﬁxed with
FS, BS, and PC) were additionally exposed to loading
when their 150 cycles of CPM were completed. To simulate
partial loading during knee motion the elastic straps were
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extension (left image) to 90( of ﬂexion (right image) was exercised.stretched between the Steinman pin in the distal femur and
the foot. A force transducer was incorporated into the elastic
system to control the force between the two points. The
nominal loads of 10 and 20 kg were applied for 50 cycles
(ﬂexion 0(e30(e0(). The force deviations between the
ﬂexion and extension were detected on the transducer,
but the excursions from nominal load did not exceed 20%
in both directions. After completion of the ﬁrst and the sec-
ond set of 50 cycles, the knee was bent to 90(, reopened,
and then the scaffold was evaluated.
EVALUATION
In the ﬁrst part of the experimental protocol, data on the
incision length, operative time, and costs of ﬁxation material
were acquired. The initial exposure for the lesion debride-
ment was 6 cm long and any additional incision needed
for the scaffold implantation was taken into account. Oper-
ative time was measured from the beginning of scaffold cut-
ting to the end of the ﬁxation procedure, while the exposure
and the wound closure were not included. The material
costs covered only the expenses of materials required for
the ﬁxation. The calculation did not include costs of the
scaffold, reusable materials (such as guide-pins), and the
sutures for the arthrotomy closure.
The properties of the scaffold were directly evaluated by
the surgeon and the assistant. Scaffolds were photo-
graphed at each knee rearthrotomy and reviewed by the
third collaborator who did not participate in the initial opera-
tive procedure. A consensusof all three evaluatorswas taken
as the end result. The evaluation was performed with two
qualitative scales, after the given number of motion cycles.
The ﬁrst scale estimated the area coverage, whereas the
second described the integrity of the scaffold. The endpoint
ﬁxation strength was manually tested with a pincette and
graded by a third qualitative scale. Strength testing was per-
formed after the completion of 150 continuous motion
cycles, except in the last two extremities in which the ﬁxa-
tion strength was tested after the completed loading proto-
col. All the evaluation scales are presented in Table I.
Results
All the ﬁxation techniques were feasible through the initial
incision. The PC ﬁxation required additional exposure for
the periosteal harvesting on the proximal tibia. The differen-
ces in operative time and ﬁxation material costs were found.
The fastest and cheapest was the SA, whereas the oppo-
site holds true for the PC (Table II).The evaluation during the CPM revealed that all scaffolds
ﬁxed with the SA were detached prior to 60 cycles, while
scaffolds ﬁxed with the other three techniques remained
stable to the completion of the motion showing only minor
disruptions (Fig. 2). Folding at the superior and inferior
poles was regularly noted in scaffolds ﬁxed with the BS di-
minishing their quality of area coverage in comparison to
the FS and PC ﬁxations. The endpoint ﬁxation strength of
the scaffold was highest in the PC and BS, but lower in
FS ﬁxation. Details are summarized in Table III.
Additional loading applied to two extremities caused de-
tachment of FS scaffolds, one at the load of 10 kg and an-
other one at 20 kg. The scaffolds ﬁxed with PC or BS
remained positioned in the lesions. However, the deforma-
tion of their substance was noted at 10 kg and it was
even more profound at 20 kg (Fig. 3 and Table IV).
Discussion
In the present study, four ﬁxation techniques for a ﬁbrino-
gen and thrombin coated collagen ﬂeece that could be used
with or without cells such as chondrocytes, were compared
in human cadaveric knee joints that were exposed to CPM,
Table I
Criteria for the collagen scaffold evaluation. The assigned points
are given in brackets
Area coverage* Scaffold integrity* Endpoint ﬁxationy
Unchanged (5) Unchanged (5) Cannot be
detached (5)
Marginal
gap e part of the
circumference (4)
Shape deformities
without structural
damage (4)
Detached with
intensive pull (4)
Marginal gap e full
circumference (3)
Fissures or cracks
without important
substance loss (3)
Detached with
minor pull (3)
<25% of area
uncovered (2)
<25% of scaffold
lost (2)
Detached with
slight touch (2)
25e50% of area
uncovered (1)
25e50% of scaffold
lost (1)
Partial self-
detachment (1)
>50% of area
uncovered (0)
>50% of scaffold
lost (0)
Total self-
detachment (0)
*The area coverage and scaffold integrity were compared to the
initial situation.
yThe endpoint ﬁxation was tested by a manual pincette manipu-
lation after the motion cycles were completed.
340 M. Drobnicˇ et al.: Scaffold ﬁxation for cartilage repairwith and without loading. To the authors’ knowledge, this is
the ﬁrst study that has directly compared different ﬁxation
techniques within the same model.
Different authors have conﬁrmed positive results follow-
ing autologous chondrocyte implantation, either ‘‘clas-
sical’’6,24e26 or scaffold-based10,15,21, for chondral or
osteochondral lesions in the knee, but only a few27e29
have provided the randomized controlled evidence. However,
the major concern for a surgeon performing the scaffold-
based cartilage repair is a secure delivery and retention of
the chondrocyte-seeded material at the desired position in
the knee joint9. New clinical application and ﬁxation techni-
ques have been introduced to suit the biomechanical prop-
erties of the scaffold, which depend upon material and
cultivation procedure used. The ﬁxation strategies range
from a simple positioning of these constructs into the le-
sion15 to the use of periosteum18 or membrane covers19.
The collagen ﬂeece applied in the current study has been
routinely used for the autologous chondrocyte implantation
for 3 years, but its ﬁxation still requires a PC. As chondro-
cytes were incorporated into the scaffold, a perfectly tight
seal around the PC was not necessary. The short-term clin-
ical results of the collagen ﬂeece were comparable to the
Table II
Surgical procedures for four different collagen scaffold fixations on
seven human cadaveric lower extremities
Skin incision
length (cm)
Average ﬁxation
time (min)
Average ﬁxation
material costs (EUR)
Scaffold SA
(n¼ 7)
6 4 0
FS (n¼ 7) 6 12 103
BS (n¼ 7) 6 47 28
PC (n¼ 7) 6þ 4* 76 117
*Additional incision needed for periosteal harvesting.‘‘classical’’ technique that had been used before22. To avoid
side effects of open knee surgery attempts have been made
to implant the chondrocyte-scaffold constructs less inva-
sively by the usage of alternative ﬁxation techniques.
The standardized testing devices that would allow simula-
tion of the operation and further testing of the ﬁxation efﬁ-
ciencies are lacking. Animal models, otherwise well
accepted in the cartilage research30, are inappropriate to
study the operative techniques due to the differences in hu-
man and animal knee joint anatomy and biomechanics. The
best approximation to the natural conditions is offered by
the human cadaveric knee, which can be exposed to
CPM to simulate the postoperative rehabilitation18. The ab-
sence of any biological interactions for the scaffold bonding
and higher friction coefﬁcients due to lost natural lubricants
are acknowledged in the presented cadaveric model. The
extremity donors were about two to three decades older
than the usual candidates for focal cartilage repair. Due to
ex vivo nature of the study the age related differences in bi-
ological potential were not problematic. Some degenerative
disruptions in the knee joint tissues of older donors (for ex-
ample, the inﬂuence of bone osteoporosis on suture an-
choring) could not be avoided despite the strict extremity
inclusion criteria. However, all the ﬁxations were compared
under the same unfavorable conditions. Therefore, if a scaf-
fold remained stable in the cadaveric model, it would be ex-
pected to last even longer in the normal knee joint of
a young patient. The biological issues of scaffold ﬁxations
can be separately tested in an appropriate animal model.
Decomposition of the cadaveric material was an inevitable
process as no ﬁxative media were used, and so some addi-
tional injuries to the lesion area were caused by the prece-
dent ﬁxations. Although the total exposure time of the
extremities to room conditions did not exceed 48 h, the au-
tolytic processes caused some harm to the knee joint struc-
tures. Cartilage, menisci, and bone belong to the tissues
with the slowest degradation rate in the body31. Even theSelf-adhesion Fibrin sealant Bone sutures Periosteal cover
Fig. 2. Collagen ﬂeece scaffolds ﬁxed with four techniques, SA, FS, BS, and PC, before (upper images) and after (lower images) 150 cycles of
CPM.
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showed no increasing instability by the repetitive examina-
tions in that time period. The ﬁxation technique with the
PC was always tested at last. Despite being tested in the
least favorable conditions and despite the periosteal thin-
ning caused by decomposition, this ﬁxation gathered high-
est scores in all categories. It is therefore assumed that
Table III
Efficiencies of four collagen scaffold fixation techniques on seven
human cadaveric lower extremities after 150 cycles of CPM
Area coverage*
average (range)
Scaffold integrity*
average (range)
Endpoint
ﬁxation*,y
Scaffold SAz
(n¼ 7)
0x 4x 0x
FS (n¼ 7) 4.7 (4e5) 4.6 (4e5) 3x
BS (n¼ 7) 3.9 (2e5) 4.1 (3e5) 4x
PC (n¼ 7) 4.9 (4e5) 5x 4x
*Evaluation criteria are given in Table I.
yPerformed on ﬁve extremities (n¼ 5) that were not exposed to
additional loading.
zAll the scaffolds were detached prior to 60 cycles.
xAll tested scaffolds expressed the same properties.the autolysis and additional injuries to the chondral lesion
did not have a major inﬂuence on the study outcome. There
were also only seven human cadaveric knees used in the
study, but due to the ethical requirements higher numbers
of the whole inferior extremities with intact knee joints are
hard to achieve. Nevertheless, the results were very consis-
tent despite the small number of testing repetitions. The col-
lagen scaffolds and their ﬁxations were evaluated by the
subjective qualitative scales that always raise a question
of reliability. However, the main goal of the study was to
set up a simple testing model in combination with the eval-
uation criteria that would provide direct comparison of as
many different scaffolds and their ﬁxations as possible.
Due to their biomechanical varieties this goal could only
be accomplished by the qualitative measurements. Similar
approach has already been used several times when an
overall evaluation is required, for example, in the case of
International Cartilage Repair Society (ICRS) cartilage
repair assessment32. The subjective bias in the presented
study was reduced by three participating evaluators. More
objective quantitative measurements could be added later
in the research process when the details about certain ma-
terials or ﬁxations are compared12,13. The study was also
limited by using only one type of scaffold in the testing pro-
tocol, which might be less appropriate for some ﬁxations.Fibrin sealant Bone sutures Periosteal cover
Ø
Fig. 3. Collagen ﬂeece scaffolds ﬁxed with three techniques, FS, BS, and PC, after 150 cycles of CPM plus additional 50 cycles of 10 kg
loading (upper images), and after another 50 cycles of 20 kg loading (lower images).
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collagen ﬂeece was searched for and not the opposite.
The presented human cadaveric model could be applied
further to evaluate other types of scaffolds and ﬁxations
used in the cartilage repair.
The adhesion of the chondrocyte-seeded scaffold with-
out any additional material is a tempting idea. It is fast, in-
cludes no additional costs, and requires only the exposure
needed for the scaffold delivery. All these beneﬁts were
conﬁrmed in the human cadaveric model, but the stability
of the applied collagen ﬂeeces was poor. The hyaluronic
scaffold, Hyalograft, is the only scaffold clinically used
that does not require additional ﬁxation material and has
been reported to produce good clinical, MRI and histolog-
ical results after 2 years15. The operation can even be per-
formed arthroscopically for suitable lesions33. The
adhesion of the Hyalograft is thought to be provided by
the combination of the scaffold’s muco-viscous adhesive
forces and the components of the blood clot, induced by
the deliberate abrasion of the subchondral bone. It may
therefore be, that the Hyalograft possesses better adhe-
sive properties in comparison to the collagen ﬂeece used
in our work, or it may also be due to the absent blood
clot bonding component in the current cadaveric model.
However, from the original study, the importance of each
of the two Hyalograft bonding components is inconclusive,
as is the extent of subchondral bleeding required15. Some
additional ﬁxation material was used in one-third of the
treated patients and the criteria as to what type of lesions
requires an addition of FS or sutures were not clearly de-
ﬁned. Two additional Hyalograft implantation details have
to be taken into the account33. Firstly, in the presented ex-
periment the whole of the lesion area (2.5 cm2) was cov-
ered with a single scaffold patch, whereas the
arthroscopic Hyalograft technique breaks the lesion into
the circular areas of 6.5e8.5 mm in diameter. Secondly,
the manual curettage debridement that was used pre-
served the subchondral bone intact, while in the arthro-
scopic Hyalograft technique the subchondral bone is
prepared by rotational drilling. Although the drilling device
has a safety stop at the depth of 2 mm the upper layer
of subchondral bone is abraded, and that results in an in-
creased height of the cartilage rim, which offers better graft
protection, but also gives a risk of unwanted subchondral
repair tissue ingrowth.
Table IV
Three scaffold fixation techniques* in two extremities after the con-
tinuous motion with loading
10 kg (50 cycles) 20 kg (50 cycles)
Area
coveragey
Scaffold
integrityy
Area
coveragey
Scaffold
integrityy
FS
Case 1 0 4 e e
Case 2 5 5 0 4
BS
Case 1 3 3 3 2
Case 2 3 3 3 2
PC
Case 1 4 4 3 2
Case 2 4 3 3 2
*All the scaffolds ﬁxed with the SA were detached under the
CPM and therefore no testing under loading was performed.
yEvaluation criteria are given in Table I.The ﬁxation of the chondrocyte-scaffolds with the FS is
another well-accepted modiﬁcation10,21,34. A reported
strength of bond between periosteum and cartilage, offered
by the human FS, ranged from 20 to 23 kPa depending on
the concentrations of ﬁbrinogen13. The collagen ﬂeeces
were stable throughout the CPM even though the ﬁxation
strength of the commercially available human FS was
most likely suboptimal. During the experiments, it was not
possible to exactly control pH, ionic strength, and tempera-
ture, which can inﬂuence the sealant properties. This tech-
nique provided stable ﬁxation, and it was also simple and
fast with the only additional cost being the sealant. Introduc-
tion of FS between the chondrocyte-seeded scaffold and
the subchondral bone might have a potential negative effect
on the chondrocyte redifferentiation and matrix bonding to
the bone35. As FS is applied to most of the ‘‘classical’’
and the scaffold chondrocyte grafts this effect seems not
to be critical. The presented results do not provide any ev-
idence about the efﬁciency of the FS ﬁxation for larger le-
sions or lesions on the other knee surfaces.
The ﬁxation technique with BS locked in the subchondral
channels by large knots has been described by Erggelet
et al.20 for a polymer ﬂeece scaffold. A modiﬁed technique
was used in our case because the collagen ﬂeece was
too fragile to enable suture attachment. Therefore, it had
to be covered with an absorbable mesh on both surfaces.
The applied four-point scaffold ﬁxation with BS proved to
be stable and durable, but it was technically complicated
and time consuming. The folding of the scaffold poles could
have been diminished with a lesion debridement of qua-
drangular shape, as described by the original authors. In
the current study, the chondral lesions of the ellipsoid shape
enabled a direct comparison of BS with the PC ﬁxation,
which is not suitable for uncontained lesions18. In quadran-
gular lesion geometry it is possible to position the sutures in
the corners ensuring balanced tension over the whole scaf-
fold. Even under such circumstances it would be advised to
use additional ﬁxation points at the superior and inferior
scaffold border to prevent discrete movements that might
compromise neocartilage bonding to the bone and sur-
rounding cartilage. Another drawback of the BS is their in-
troduction by the guide-pins. Although the pins were
pulled out on the lateral surface of the distal thigh to avoid
major neuro-vascular structures, some injury to the muscles
and fascia was present. The guide-pin channels also en-
able an open access to the subchondral blood ﬂow, which
can result in an unwanted formation of ﬁbrotic tissue around
the chondrocytes on a scaffold18. The extent of the additional
injuries, which is very much dependent on the lesion’s posi-
tion, could be diminished but not completely avoided, by us-
ing shallowly positioned guide-pins of a smaller diameter.
The problem could be solved by the usage of suture-an-
chors, although some technical difﬁculties are expected
due to the exposure of relatively large tying knots against
the opposite articular surface.
The technique with sutured and sealed periosteum was
secure and provided ﬁrm ﬁxation and excellent lesion
coverage, but it was time consuming and caused a sec-
ondary injury at the periosteum harvesting site. Animal
collagen membranes can replace the periosteum in terms
of ﬁxation19, but not in terms of biological potential often
discussed36. During CPM no important PC disruption was
observed and even the sutures remained mostly tight.
Frequent delaminations of PCs described in animal stud-
ies were not conﬁrmed in the current human cadaveric
model37. It seems that the anatomical relations in the hu-
man knee offer better protection of the PC and its sutures
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the electrical device was smooth and one directional only,
thus avoiding any uncontrolled shear stress on the surfa-
ces, which cannot be entirely prevented in animals. Even
delaminations occurring in 5e7% of ‘‘classical’’ chondro-
cyte grafts cannot be explained with the ﬁxation disruption
in the initial postoperative period6,7. It is therefore specu-
lated that the graft instability emerges later in the process
of suture absorption or periosteal transformation.
The simulation of the knee joint loading roughly corre-
sponds to a three-point partial weight-bearing that is
advised after most of the cartilage resurfacing proce-
dures18,33, but there was no active muscular counterbal-
ance present38. Both scaffolds ﬁxed with FS were
detached from the lesion under such circumstances, where-
as substantial deformations of the scaffolds ﬁxed with the
BS and the PC were evident. Despite the low number of
tested cases, a conservative approach in the postoperative
partial or full weight-bearing of the operated leg is advised,
at least when the tested collagen ﬂeeces are used for the
cartilage repair.
The current study has presented a direct comparison of
four ﬁxation techniques, SA, FS, BS, and PC, for the ﬁbrin-
ogen and thrombin coated collagen ﬂeece. The study simu-
lated the operative procedure on the human cadaveric knee
joints that were later exposed to the continuous motion. Au-
thors’ preferred technique was the ﬁxation with FS, which
was quick, easy to perform and enabled secure attachment
of the scaffolds into the lesions on the central part of the
medial femoral condyle. Regardless of the ﬁxation strategy
used, the loading of the collagen scaffold may not be rec-
ommended in the initial postoperative period. The direct
clinical application of the presented study is limited to the
collagen ﬂeeces tested in the protocol, but the same human
cadaveric model may be further applied to evaluate new
types of scaffolds and ﬁxation techniques.
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